Sweet potato (Ipomoea batatas) is one of the most important, versatile and unexploited crops in Kenya. The crop is well adapted to smallholder farming systems, inexpensive to produce, relatively drought tolerant and gives high yields even with minimum inputs. Although widely produced in Kenya, sweet potato remains primarily a subsistence crop. Lack of organized marketing, limited consumer interest and low value addition activities are some of the factors that have contributed to low commercialization of the crop. The overall objective of the current study was to investigate the suitability of incorporating sweet potato leaves into the roots to produce nutritious sweet potato flakes with high vitamin A and protein content. Sweet potato roots were cured to increase the endogenous amylase enzyme and then washed and pre-cooked to enable starch hydrolysis to increase sweetness of the flakes and then heated to boiling to enable mashing. Dried sweet potato leaves powder was then added to the mash sweet potato roots at varying percentages and then dried using single drum drier. Addition of sweet potato leaves was found to significantly (p < 0.05) increase protein content from 6.6% protein to 15.40% when the leaves constituted 50% of the flakes. Beta carotene content of the flakes decreased from 7986 µg/100g when no leaves were added to 3979 µg/100g when the leaves constituted 50% of the flakes. The addition of the leaves reduced the overall acceptability. Colour was the most adversely affected while texture was the least affected by the addition of sweet potato leaves. However, all the flakes with up to 30% leaves were acceptable to the panelists with respect to colour, taste, texture and overall acceptability. Incorporating sweet potato leaves into the roots can therefore improve sweet potato protein and hence improve nutrition and value addition of root-based products such as flakes and flour.
Introduction
Sweet potato (Ipomoea batatas) is a hardy and nutritious staple food crop, which is grown throughout the humid tropical and subtropical regions of the world. It is a perennial plant of the family Convolvulaceae and is among the most important food crops in the world and is ranked seventh based on total production and the fifth most important crop in developing countries [1] . It is produced in both high and low technology input agricultural systems.
In Kenya, sweet potato growing is mainly concentrated in eastern Kenya including Kakamega, Bungoma, Busia, Homa Bay, and Kisiicounties. It is also grown to a small extent in the coastal and central regions with production being concentrated in mid-altitudes i.e. 1000 -1600 m above the sea level [1] .
Orange fleshed sweet potato (OFSP) is one of the new crops that have been introduced due to its high betacarotene content. It is an excellent source of energy and important nutrients such as vitamin A that can contribute towards improvement of the nutritional status of the community [2] . The promising potential of this new crop has not gone unnoticed and hence its promotion by various organizations in sub-Saharan Africa through the Sweet Potato Action for Security and Health in Africa (SASHA) and worldwide through the Sweet Potato Initiative for Profit and Health (SPHI) [3] .
Studies have demonstrated that orange fleshed sweet potato improves vitamin A status in children given that the vitamin in the OFSP is highly bioavailable [4] - [7] . Vitamin A deficiency (VAD) is a serious health issue for most of the developing countries and is known to contribute towards over 0.6 million deaths per annum. The most affected are young children and pregnant women [8] - [10] . It is important to note that both sweet potato roots and sweet potato leaves are consumed with both providing nutritional and health benefits [11] .
Sweet potatoes, just like cereal and potato snacks tend to be low in protein and have poor biological value due to their limited essential amino acid content. Crude protein content of sweet potato has been reported to vary between 1% and 10% (on a dry weight basis), but this includes 10% -15% non-protein nitrogenous components [12] . This amount is considerably low and therefore can be improved by addition of sweet potato leaves to the sweet potato roots since the crude protein content of the sweet potato leaf is higher with a range of 26% to 33% of DM [13] . Therefore, the sweet potato leaves can be used to improve the protein content of sweet potato roots under appropriate combinations.
In addition to high protein content, the sweet potato leaves have high antioxidative polyphenolics such as anthocyanins and phenolic acids such as caffeic, monocafeoylquinic (chlorogenic), dicaffeoylquinic, and tricaffeoylquinic acids [14] [15] , and are superior in this regard to other commercial vegetables [16] [17] . Despite these nutritional benefits, the use of potato leaves has been limited to animal feed.
Ready-to-eat sweet potato breakfast cereals have been developed [18] , though with limited protein and vitamin A. Flakes are major universal food consumed by nearly all the population age groups but mostly by children who are below 10 years and therefore a suitable vehicle to transport the provitamin A in the OFSP to these vulnerable children who are at the risk of becoming blind and even dying due to vitamin A deficiency. Furthermore, processing sweet potato roots and leaves into flakes is advantageous since flakes have long shelf-life and are easy to store and to transport. The present study was therefore to develop protein and vitamin A rich OFSP flakes using sweet potato roots and leaves.
Materials and Methodology

Raw Materials
Raw orange fleshed sweet potatoes used in the current study were mature roots of variety SPK 004 and its tender sweet potato leaves from Kenya Agricultural Research Centre (KARI) Muguga. They were grown following standard cultural practices and harvested at maturity from the KARI Centre and transported to the University of Nairobi, Department of Food Science, Nutrition and Technology for analysis. Figure 1 shows the research design that was adopted for the current study.
The morphological pictures of the OFSP roots and leaves used for the study are presented in Figure 2 .
Curing
Sweet potato roots were cured for 5 days at a temperature of 32.2˚C and a relative humidity of 85% as described by Ikemiya and Deobald (1966) [19] . 
Precooking Sweet Potato Roots
Sweet potato roots were precooked at a temperature of 75˚C for two hours to enhance starch hydrolysis to enable production of sweet flakes. These parameters were decided based on the idea that alpha-amylase enzymes are heat stable up to a temperature of 70˚C -75˚C as reported by Ikemiya and Deobald (1966) [19] . Cooking to boiling for 20 minutes was done by increasing the temperature. This was done to soften the root to enable easy mashing of the roots for mixing with the leaves.
Blending the Sweet Potato Leaves and Roots
The sweet potato mashed roots and the ground sweet potato leaves were blended as shown in Table 1 . A starting quantity of ground sweet potato leaves was chosen as 10% of the total composite. The quantity was increased at intervals of 10% until the composite contained the maximum acceptable amount of leaves.
Analytical Methods
Sample Preparations
Orange fleshed sweet potato root and leaves were obtained from KARI, Muguga center and were analyzed before and after processing. Before processing, the roots and leaves were washed and then macerated to a smooth puree in a conventional kitchen type electric blender (model NO. BL 60603G, China) and then samples drawn for analysis.
Proximate Composition Analysis
Standard methods of AOAC [20] were used for the determination of the ash, Crude Protein, dry matter and crude fibre contents.
Starch Content
Duplicate samples of 100 g of orange fleshed sweet potato roots were measured accurately and diced and then homogenized with 100 ml of water in a kitchen blender (model NO. BL 60603G, China) for 5minutes. The aqueous fraction containing suspended starch was collected by screening through fine nylon. The residue was recycled twice with the same amount of water and screened through a nylon cloth after each recycling in the blender. All the aqueous fraction was collected together and balanced out in two (4) centrifuge bottles and centrifuged for 10 minutes at about 3000 rpm. The supernatant was gotten rid of and the scum on top of the starch cake removed and the surface rinsed with a little water and suspended in a little water and centrifuged again and the cleaning steps repeated. Finally the starch was purified in a Buchner funnel lined with Whatman paper No. 1 by percolating water, 95% ethanol and acetone through the starch and the starch content determined on a dry matter basis
Determination of β-Carotene
Total carotenoids from the sweet potato were extracted as described by Khachik (1992) [21] . Total beta carotene was then determined spectrophotometrically (CE 4400/UV Vis Double Beam Scanning Spectrophotometer, Cambridge, England) as described by Imungi and Potter (1983) [22] .
Sensory Evaluation of Flakes
Sensory evaluation was based on 7-point hedonic scale [23] . Twenty semi-trained panelists were randomly selected in the University of Nairobi and the panel was composed of both students and staff from the Department of Food Science, Nutrition and Technology. The sensory attributes included colour, taste, texture and overall acceptability. Panelists were informed that their honest opinion was important. A sip of water were taken in between samples to cleanse the palate before tasting the next product [24] [25]. The scale used was: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = neither like nor dislike, 5 = like moderately, 6 = like very much, 7 = like extremely.
Statistical Analysis
Samples were analyzed in duplicates and the data generated analyzed using analysis of variance (ANOVA) and comparison of means carried out using least significant difference test (LSD) calculated at 5% using GenStat 15 th edition. Table 2 shows the average proximate composition of raw orange fleshed sweet potato roots and orange fleshed sweet potato leaves. The dry matter (DM) content of Orange Fleshed Sweet Potato (OFSP) roots was 28.1%. The DM of roots were significantly (p < 0.05) higher than the dry matter content of the sweet potato leaves which was relatively low at 18.5%. The DM of the sweet potato leaves reported in the current study was comparable to the value of 17.7% reported by Antia (2006) [27] . On comparing the DM of sweet potato leaves to other vegetables, the value found in the current study is higher compared to the values of 10.0% -12.8% in common vegetables reported by Asaolu (2007) [26] . This shows that the sweet potato leaves contain more dry matter and hence more nutrients and should be considered for human consumption.
Results and Discussion
Proximate Composition of Sweet Potato Roots and Leaves
The dry mater content of the roots found in this study was higher than 27.16% which was reported in the US Department of Agriculture, Nutrient database of 2001 [29] . Other studies have reported dry matter content of fresh sweet potato roots to be ranging between 28.78 and 40.9% [28] which are higher than the values found in the current study.
The starch content for the roots was 86.87% on DM basis. The starch content of the roots was significantly (p < 0.05) higher than the starch content of the leaves which was 50.96% on DM basis. There is therefore an adequate quantity of starch for hydrolysis to sugars to enhance the sweetness of the flakes. Omodamiro (2013) [28] reported starch content of the roots to be ranging between 71.79 and 80.95% on DM basis which was lower compared to the values found in the current study. US Department of Agriculture, Nutrient database of 2001 [29] reported starch content of 89.4% on DM basis. This was slightly higher than the values presented in the current study.
The protein content of the OFSP roots used in the current study was found to be 6.64% on DM basis. This value is close to the figure of 6.22% on DM basis which was reported by US Department of Agriculture, Nutrient data base of 2001 [29] . On the other hand this value was quite low compared to the results of Omodamiro (2013) [28] who reported very high protein content in the sweet potato roots that ranged from 13.7% to 16.9% on DM basis. The high value reported by Omodamiro (2013) [28] could be possibly due to the different varieties. The low protein in the roots as indicated in the current study necessitates means of increasing its content in food products of sweet potato origin especially to a population who need protein for body building like children.
The protein content of the sweet potato leaves was 24.16% which was significantly (p < 0.05) higher compared to the protein content of the roots. The protein content found in the current study was comparable to the result reported by Antia (2006) [27] who reported crude protein of sweet potato leaves to be 24.85% on DM basis when he analyzed the proximate composition of the leaves. The leaves being significantly higher in protein than the roots are a suitable and a very cheap source of protein to supplement the low protein content of the sweet potato root. During harvesting, the leaves are usually wasted and left to dry on the field and hence can be made good use of in increasing the protein content of the sweet potato flakes. This will provide a way in which sweet potato leaves can be consumed especially in Kenya where most of the population does not consume the leaves directly.
The ash content of the OFSP roots was found to be 3.18% on DM basis. This was a little lower compared to the results reported in the US Department of Agriculture, Nutrient database of 2001 [29] which gave 3.5% ash on DM basis but it was similar to the values reported by Omodamiro (2013) [28] who gave a range of 1.74% to 3.72% on DM basis. The ash content of the sweet potato leaves was found to be 11.43% on DM basis and was significantly (p < 0.05) higher than that of the sweet potato roots. The value closely compares to ash content of Table 2 . Composition of orange fleshed sweet potato roots and leaves on dry matter basis. dried sweet potato leaves that was reported to be 11.10% by Antia (2006) [27] . Sun (2014) [30] reported ash content ranging between 7.39 and 14.66% which is within the range found in the current study. This indicates a higher mineral content of the leaves that have been shown to include calcium, magnesium, phosphorus and sodium [30] . Also in the ash are trace elements which include iron, zinc, copper, manganese and selenium. This makes sweet potato leaves even a better supplement as it would also provide a variety of minerals and trace elements which may not be provided adequately in daily diets.
The β-carotene content in OFSP root was found to be 8.65 mg/100g. The OFSP roots can provide much higher β-carotene than the RDA for Vitamin A which is measured in retinol equivalents (RE) as a means of making standard comparisons among foods [31] . The β-carotene therefore represents 720 RE. The RDA of various age groups are; for infants: 0 -6 months require 400 µg/day while 6 -12 months require 500 µg/day, children: 1 -3 years require 300 µg/day while 4 -8 years require 400 µg/day, males: 9 -13 years require 600 µg/day while those who are14 years and above require 900 µg/day, females: 9 -13 years require 600 µg/day while those who are 14 and above require 700 µg/day, pregnant women: 14 -18 years require 750 µg/day while those who are above 18 years require 770 µg/day and the lactating mothers: 14 -18 years 1200 µg/day while those above 18 years require 1300 µg/day [32] . Burgos (2001) [33] found out that the β-carotene content varied with the intensity of colouration of the sweet potatoes. They also found out that the β-carotene content of cream fleshed sweet potato ranged from 0.0 to 0.4 mg/100g and that deep orange coloured sweet potatoes ranged from 4.29 mg/100g to 18.55mg/100g. This shows that the result of the current study was within this range. The results are also similar to those reported by Teow (2007) [34] which were in the range of 4.45 to 22.6 mg/100g.
The level of carotenoids could be used as a means of choosing the variety for processing as this plays an important role in the overall acceptability and enhances the nutritional image of the flakes [35] . Processing β-carotene rich sweet potato to produce acceptable flakes is likely to be a cost effective means of alleviating vitamin A deficiency on a mass scale. The β-carotene in the sweet potato leaves was found to be significantly (p < 0.01) lower compared to those of the sweet potato roots. The β-carotene content of the leaves make it a better vegetable that could be made use of to provide a variety of nutrients which may not be provided by the other vegetables. The reported β-carotene found in the present study was 0.53 mg/100g on DM basis in the sweet potato leaves.
Characteristics of Sweet Potato Flakes
Adding sweet potato leaves to the roots significantly (p < 0.05) increased the protein content of the flakes (Figure 3) . A 40% leaf content composite has more than double the initial protein content of the sweet potato roots. This makes the flakes more nutritious in terms of protein. They also provide the energy potatoes are known for.
Increasing the sweet potato leaves reduced the beta carotene content significantly (p < 0.05) as indicated in Figure 4 . However, the levels in flakes can provide more than the recommended daily allowance (RDA) of vitamin A as reported by Molybdenum (2001) [28] . 
Sensory Analysis
The sweet potato flakes presented to the panel varied in appearance as shown in Figure 5 . The results of sweet potato flakes with enriched protein sensory evaluation were as shown in Table 3 .
Colour
Addition of sweet potato leaves to the tuber significantly (p < 0.05) affected the colour of the flakes. The flakes containing 100% roots was the most accepted with an average score of 6.62. This decreased as more sweet potato leaves were added with the flakes containing 40% leaves scoring a mean score of less than 4 showing they were not acceptable to the panelists. Addition of leaves may only be done up to 30% if the product has to be acceptable using visual color, beyond which acceptability is greatly reduced.
Taste
Addition of sweet potato leaves to the tuber significantly (p < 0.05) affected the taste of the flakes with 100% roots getting a mean score of 6.75. The addition of the leaves reduced the acceptability with one of the treatment containing 50% leaves being rejected since it had a mean score of less than 4. The current results show that it is possible to add leaves up to 40% percent and the taste will still be acceptable.
Texture
Texture was the most highly scored parameter which means that it was the most accepted quality attribute with a mean score for all the treatments being 5.92. Despite this the addition of the leaves to the roots significantly (p < 0.05) affected the score for flakes. All the treatments for the flakes were acceptable in terms of texture with the least mean score for the treatment being 4.12, no mastication problems irrespective of the amount of leaves added.
Overall Acceptability
Scores for overall acceptability revealed that all the treatments were accepted by the panelists with the least mean score being 4.12 which is above 4 while the average mean score for all the treatments was 5.52. It is, however, noted that the addition of the leaves to the roots significantly (p < 0.05) lowered the overall acceptability of the flakes.
Conclusions
Addition of sweet potato leaves to the roots increases the nutritional content of the flakes mainly in terms of protein while still maintaining the high beta carotene to levels that can meet the recommended daily allowance. Addition of the leaves to the root significantly (p < 0.05) adversely affects the taste, colour, texture and the overall acceptability of the flakes. Despite this, incorporation of sweet potato leaves up to the level of 30% of the composite results in flakes that are nutritious and acceptable.
